This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



From : BML 



PHONE No. : 310 472 990S 



Dec. 05 2002 12:i4ftM P03 




WIIIUResearch 



'omics 

1 991 . 
' Affi. 
viU-k, 
irnia- 

U'U'.C- 

Hy. 
oaeh 
»s in 
Hhut. 

'ko|V 

haw 
irott- 

WYirf. 

Jon- 

ends 

AN, 

(in i 

oul. 
;no- 

tcln 
HtH- - 
37, 

rkc, * 
Jar- 
If fi- 
lial , 

all, 

ets- 
ind 

pp. 



IfM* 

on 
.1o- 




with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J. Llvak, Susan J.A, Flood, Jeffrey Marmaro, William Giusti, and Karin Deetz 
Perkln-Elmcr, Applied Wosy stems DJvUion, Foster CHy, California 94404 



The 5' nucleate PCft mtsuy datnetc tho 
accumulation of iptclflc PCR product 
by hybridization and cleavage of a 
dou ble-)abel«td fluorogentc probe 
during the ampllftcotlon reaction. 
The probe I* an oligonucleotide with 
both a reporter fluorescent dye and a 
quencher dye attached. An Increase 
In reporter fluorescence Intensity In- 
dlcetes that the probe has hybridized 
to the target PCR product and h«> 
been cleaved by the S* -»3' nucle- 
olytlc activity of Too DNA polymerase. 
I n th W s tudy, p robes with th e 
quencher dy* attached to an Internal 
nucleotide were compared with 
probe* with the quencher dye at- 
tached to the * '-end nucleotide. In all 
cases, the reporter dye WM attached 
to the 5' end. All Intact probes 
showed quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3 - 
end nucleotide exhibited a larger sig- 
nal In the 5' nuclease PCR assay than 
the Internally labeled probes. It Is 
proposed that the larger signal b 
caused by Increased likelihood »f 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 '-end nucleotide also exhibited 
an Increase In reporter fluorescence 
InUBfiklty when hybridized to a com- 
plementary strand. Thus, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous h/brldlza- 

210(2) 



r\ homogeneous a^say for detecting 
Uiv Mt\'wm\i|«tion of specific PCR prod- 
uct that UteS a double-labeled fluoro* 
genie probe was described by Lee ct al. 0) 
The assay exploits; the 5' • > 3' nucle- 
olytlc activity of Taq DNA poly* 

-uieiaae* 7 '^ and h diagramed in figure 1. 
The fluorogenic piuliu vanish of an oli- 
gonucleotide* umUhi reporter 'fluorescent 
dye, a* a fluorescein, attached to 
th* 5' end; und a quencher dye, such as a 
rhodaminc, Attached internally, When 
thf fluorescein is excited by irradiation, 
lis fluorescent emission will be 
quenched if the ihinlaniiiie h close 
enough to be excited through the pro- 
cess of fluorescence energy transfer 
<MT). M -»-Duriiuj PCR, If )he probe Is hy, 
bridged to a template atnwd, Taq DNA 
polymerase will cleave the probe be- 
cause of its inherent .V •<+ 3' mucolytic 
activity- If the cleavage occurs between 
the fluorescein and rhodamlnc dyes, it 
causes an increase in fJuotcsvein fluores- 
cence intensity because the fluorescein 
is no longer quenched. The increase in 
fluorescein fluorescence Intensity Indi- 
cates that the. probe-specific I'CR product 
has Inruri generated. Thus, PET between a 
lepuitci dye and a quencher dye is criti- 
cal to the performance of the. piube In 
the 5' iiuLleaae 1*011 avsay. 

Quenching is completely dependent 
on the physical proximity of thv two 
dyes/' 0 Because of this, it has Injun as- 
sumed Ibol the quencher dye mu»l be 
attached neaj the 5' end. Surprisingly, 

we have found thai attaching a rho- 
domine dye nl the 3' end of a pml/e 



FCH assay. I'urlhcrmore, cleavage of this 
type of probe is noi required to achieve 
some reduction In quenching. .Oligonu- 
cleotides with a reporter dye on the V 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluores- 
cence when dounic-stranded as com- 
pared with sin^le-strandcd. This should 
make it possible to use this type of dou- 
ble* labeled probe for homogeneous de- 
tection of nucleic acid hybridization. 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used In this 
Study. Linker arm nucleotide (LAN) 
phojphoramidiic was obtained from 
GJcn Research. The standard DNA phos- 
phoramiditcs, 6-carboxyfluorcsccln (6* 
FAM) phosphoramldite, tVcarboxytet* 
raroethylrhodamlnc succinimldyl ester 
(TAMBA NHS Cster), and Phospholink 
for attaching a H* -blocking phosphate, 
were obtained horn Pet kin-Elmer, Ap- 
plied hiosystems Division. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 TjNA synthesis ^Applied 
ISiosysterns). Primer and complement 
oligonucltondes were puriucu using 
Ollfcu Purification C4irt ridges (Applied 
Biosyslcim). Ui»ulilir-lulivJe.d jinibes were 
*yinhe»i*ed with o-f AM* labeled phos* 
plioidiiiidiLt: ai the 5' und, IAN rvpluclng 
out! of thcTs in the sequence, and I'hos- 
phalink fit the 3' end. Following de- 
protta.tlon and tttbiuioJ prvclpltatlon t 
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FIGURE 1 Diagram of 5' nuclease assay. Stepwise representation of rtie 5' 3' nucleorytk* ac- 
tivity of Ta<j DNA polymerase acting on a fiuoroKcnk probe UuriiiK one extvnsiu'n phase of I'CK. 



niM Na-bicarbonatc buffer (pH 9.0) at 
room temporal urc. Unrcactcd dye wws 

icmuvcvj by utmage ovei a HMO Sephn* 

dcx column. Finally, Ihc double-labeled 
probe, was purified by prep<untiv r hiRh- 
pcrformance liquid chromatography 
(UPU:) lining an Aquaporc d K 2211x4.6- 
mm column with 7-^m particle size. The 
column wm developed with a 24*mhi 
linear gradient of 9-20% ucctonitrlk* in 
0,3 m TLAA (trUthylamine acetate). 
I'robeA are named by designating the se- 
quence from Tabic 1 and the position of 
the 1AN-TAMRA rnotety. Tor example, 
probe Al-7 has sequence Al with LAN- 
TAMRAat nucleotide portion 1 from the 
V end. 



PCR 5y»icm> 

All PCR amplifications were performed 
in the rcrkin-Elmcr CcncAmp PCR Sys- 
tem 960U using M>uJ reactions thai con- 
tained 10 mM Tfls-HCl (pU 8.3), SO him 
KCI, 200 pM 0ATT, 200 \lm dCJV, 200 u,m 
dGTP, 400 \lm dUTl>, 0.5 unit of AmpEr- 
as;e uracil N-glycosylase (PerJcin*Elmer), 



gene (nucleotides 2141-2435 in the »e* 
quence of Nakailmo-Iljlniu ci al.) t71 wni 
amplified uslu^ pinner* AFP and ARP 
(Table 1), which are modified slightly 
from those of du Dreuil el «K (fl) Actln am- 
pllficoUon reactions contained 4 niM 
M 5 C)^ 20 ng of human genomic ]>NA, 
50 nM Al or A3 probe, and 300 nM each 



TABLE 1 Sequences of Oligonucleotides 



primer. The thermal xeglmen was S0 U 0 
(2 mln), OSV, (10 mln), 40 cycle* of 95°0 
(20 sec), 60°C (1 mln), and hold at 72°C. 
A M5-bp segment wtist amplified front a 
plasmld that consists ol a segment ol X 
DNA (nucleotides 32,200-32,747) in- 
serted in the S#wol jtlto of vector pUCl 19. 
Hi we rvm'tiuus uxiUihutd 3.5 hjm 
Mgc:i 2l 1 nfi of plasrnid UNA, SO nM P2 or 
P-S probe, 200 nw primer Fll°, and 200 
iim pi unci R119. The thermal regJmen 
was SOX (2 mln), 95*C (10 mln), 23 cy- 
cle* Of 9$ U C (20 sec), 57X () mln), and 
hold at 72"C, 



Finn r** scene* Detection 

l'Or each amplification reaction, a 40- ^t) 
aliquot of a sample was transferred to an 
Individual well of a white, 9fUwo1l micro 
titer platti (Perkin-lUmer). Fluorescence 
wcta measured on the I'crkln-EImer Toq- 
Man LS-SOU System, which consists of a 
luminescence (pod rometer with plaic 
reader assembly, a 4B5-nm excitation fll* 
ler, and a.M&»nm ernliAion filter. Pjcclta. 
tioh was at 488 nm using a ,S-nm slit 
width. Emission was measured at 518 

nm for 6-1-AM (the. reporter or H value) 
and 5ft2 nm for TAMliA (the quencher or 
Q value) u*ing a 10-nm slit width. To 
determine the lnacasc hi lepoilei emis- 
sion that Is caused by cleavage of the 
probe during l^OR, three normaliyjstlona 
are applied to the raw emission data. 
First, emission Intcmlty of a buffet blank 
h subtracted for each wavelength. Sec- 
ond, emiixlon Intensify of the reporter is 



Name 


'iy|3e 


Scqueiicit 


FX 19 


primer 


ACCCACAGGAACn-CATCACCACrC 


KU9 


prloicT 


AixsrcGCcrrcccKScrrcAcxn-icnciC 


P3 


probr 


•| CXX^'rj^CIOAJXXi'I'lXiCCAACC^CTV 


J»2C: 


complement 


crrACrc CTPCCJCAACXJ atcacjtaatc wC 


PS 


probe 


cuOArrrGOXiU'rATcrAix^CAAccAiv 


P5C 


complutncnt 


TlTATCX:TIX;TCATACA1'ACX:;A0CAAArCCC; 


AW» 


primer 


TCACCCACACTGTGCCCATCTACaA 


ART 


primer 


CAUUiCiAAt it XiCK A1TCKXAATOU 


Al 


prohc 


AjpCCCIXXXXX^TCC<^lCClX>OCTv 


A\fi 


compl«in«nl 


A(^<:<;(yktu;A'ix:<:{^Tt;t;c;c:t;At;t:(;c^rAC 


A3 


piobe 


CGCCCTGGACrrCCAOCAACAOAT|» 


A3r. 


cumpltrineut 


CrATOrCTTOCTCaAAGTCCAGGGCnAC 



Tor each ollKonutrlcuiide used In tills Aludy, the nucleic add sctjucrKV h given, written in the 
ft' > y direction. Tlitie are three types of oligonucleotides; PCR primer, fluorogenlc probe used 
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Prob* 


C18 nm 


682 nm 




RQ* 


AfiO 




nn tMHp. 


« t*">r>. 


v no Ump. 


# t*mp. 








ALS 


26.5 tL 2.1 


32.7* 1.0 


33.2 it 3.0 


38Di 2.0 


0.C7 * 0.01 


o.eti i o.oB 


O.IOdO.OG 


Ai»r 


03.0 ± 4.3 


39&.t*21,4 




110^^5-a 






3X0*0.18 




127.0* 4.0 


403.9 * Id. 1 


100,7 ±6.3 


93. li e.3 


M6±O,02 




3.I(M0.1$ 


A1-19 




47&.rj 7.7 


70.3* 7.4 


73.0 A ?,Q 


2.67 J O.06 


6.D0A0.1G 


3.13 d 0.16 


A1-22 


224. G 4 0.4 


48fi,I>±43,6 


100.0^.4.0 


OCX 10 .6 


C.2C a. 0.03 


5.0210.11 


C77 2 0.12 




1 60 .£ J 0.9 


4*A± 1B.4- 













FICURE 2 RvmjIIs of 5 1 nuelroor n»«iy tom^ring p-aetirt pr*bc» With TAMRA M dimwit miele 
otlUfe positions. As described In Materl&h ana Methods, I'Ot »mpliflcatlon* containing the In- 
dicated probes we re performed. and the fiuorcavence emission wasrne«ured at 518 and 582 nm. 
fteportnl valuta are the avcra&cS'l s.n^ for six reactions nm without Added template <no temp.) 
and six reactions run with template ( i temp.). Thv RQ ratio was calculated for each individual 
reaction and averaged to give the reported RQ* emd HQ 1 values. 



divided by the emission intensity uf the? 
quencher to give an RQ ratio for each 
reaction tube. Tills normalises tor well- 
to-well variations in probe ronrantra- 
uon and fluorescence measurement. 

» nally, ARQ is calculated by subtracting 
the KQ value of the no-template Lxmtrol 
IRQ") from the RQ value for the win- 
plcte rcacnon including template 

,(RQ'). 

RESULTS 

A series of probes with increasing dis- 
lauces Detween the fluorescein rvportci 
ami rhodomluc quencher were tested to 
investigate the minimum and maximum 
spacing that would give an acceptable 
performance in the 5' nuclease l'CK as- 
jay, Tnese probes hybridize to a target 



.sequence in the human p-acttn gr.nc. 
Mguic 2 shows the results of on experi- 
ment in wliich these- probes were In- 
cluded in POR thai amplified a segment 
of the {J-iietlii gf.iiti containing the u j get 
sequence- IVifuuiniucc hi the S' nu* 
clease PGR assay Is monitored by the 
magnitude .of AUQ, which h a measure 
of the Increase hi reporter nyureMwee 
lauaed by PCR amplification of the 
probe target, Probe Al-2 ha* a AKQ value 
that is close to rero. Indicating that the 
probe was not cleaved appreciably dur- 
ing the amplification repclum, Thih aug- 
KCivU that with Iho quencher dye on the 
second nucleotide from the end, there 
Is insufficient room lot Ttiq polymerase 
to cleave efficiently between the reporter 
and quencher The other five probes ex- 
hibited comparable ARQ values thai ate 



clearly different from zero- Thus, ull five 
probe* arr befog cleaved during VCM am- 

plJflcatlun le^uhing hi a similar Increase 
hi Jcportca fluuie^wice. 11 sliuuld be 

noted Ihnt complete digestion of a probe 
produces a much larger increase in re- 
porter nuorcsccnce than that observed 
in Figure 2 (data not shown). Thus, even 
In reactions where amplification occurs, 
the. majority of probe molecule!; remain 
unclcaved. It li mainly for this reason 
that the fluorescence Intensity of the 
quencher dye TAMJIA changes HU Ic with 
amplification of the target.- This Is what 
otlcrws us to use the 6132-nm fluoTcscenw. 
reading as a norm ill station factor. 

The magnihidi* of RQ" dpppnds 
molnly on the quenching efficiency in- 
herfnr in the specific, stnichirt* ol the 
probe and the purity of the oligonucle- 
otide. Thus, the larger RQ" values Indi- 
cate that probes AM4, AJ-19, Al-22, and 
Al-26 probably have reduced quenching 
as compared with A1-7, Still, the degree 
of quenching h sufficient to detect a 
htghly significant Increase In reporter 
fluoTctcence when each uf these probes 
id cleaved during PCR. 

To further Investigate the ability of 
TAMKA on the 3' end to quench f*-PAM . 
on the 5' end, three additional pairs of 
probes were tested in the 5' nuclease 
PCR assay. Poi each pair, one probe has 
TAMRA attached to an intern wl nucle- 
otide and the uthei has TAMRA attached 
to the 3' end nucleotide. The results are 
shown In Table 2. hof all three sets, the 
probe with the 3' quencher exhibits u 
ARQ value that is considerably JjirIiki 
than foe the probe with the internal 
quencher, The HQ" values suggest thnt 
differences In quenching arc not as gnuit 
as those observed with some of the Al 
probed Theae results demonstrate that o 
quencher dye on the .3' end of an oligo- 
nucleotide can quench efficiently the 



TABLE 2 Results of V Nuclease Assay Comparing Probes with TAMRA Attached to ah Internal or 3'-terminul Nucleotide 



SI 8 nm 



582 nm 





Probe 


no temp. 


+ temp. 


IIU Leuip. 


+ temp. 


m 


RQ* 




A'.: 


, A3-6 
A3-24 


54.6 i XI 
72.1 ^ Z9 


84,* r 
236.5 a 11. t 


116,2 6,4 
M.2+ 4.0 


90.2 ± 3,« 


0,47 s. 0.02 
0.86 a 0.02 


0.73 a. 0,03 
2.62 ± 0.05 


U.ZO ± 0.04 
1.76 ± 0.05 


the 


17-7 
1*2-27 


2. 4.4 
113.4-6.6 


3B4.0± 34.1 
MA A ± 14-1 


iuyj I 6*4 
140.7 * 8,3 


120.4 * 10.2 
118.7 2:4.8 


0.79 1 0.02 

asi ± o.oi 


3.19 * 0.16 
4.66 ± 0.10 


2.40 !« O.K. 
3.88 t 0.10 


iPd 
the 
Ul. 


I'S-IO 

rs-2a 


77*5 i 6.5 
64.0 ± 5.2 


244.4 i 1S.^ 
333.6 ± 12.1 


66.7 ± 4.3 
100.6 * 6.1 


9S.S 6.7 
94.7 2 6.3 


0.B9 s 0.0S 
0-A3 ± 0,02 


2.55 ?■ 0,06 
3.53 * 0.12 


1.66 ± 0,08 
2.89 i 0.13 



noia 



_» — *-.4 ir ^* « Mt H*« anrt r^b-iiiAiions wurr oerformcd us described In Materlo) Mini Methods And in the legend to 2. 
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fluorescence of a reporter dye on the .V 
end. Tin? degree of quenching Is suffi- 
cient for (hiK type of oligonucleotide to 
be used as a prob* in the .V nucleate PGR 
assay. 

To test the hypothesis that quenching 
by a 3'. TAMRA depends on the flexibility 
of the oligonucleotide, fluorescence was 
meaiuiciri for probes in the Single- 
stranded and double stranded stores. Tq- 
bf<> 3 reports, Oil* fluorescence observed 
at SI 8 and 582 Jim. The relative degree 
of quenching Is assessed by calculating 
the RQ ratio, l^or probes With TAMRA 
nucleotides from the S' end, then- 
Is little difference In the RQ values when 
.comparing singie-stranded wirh double- 
stranded oligonucleotides. The results 
for probes with TAMRA at the 3' end are 
much different For. these probes, hy- 
bridization to a complementary strand 
causes a dramatic increase in HQ. We 
propose that this loss of quenching is 
caused by the rigid Structure of double. 
Stranded UNA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3* 
end, there Is a 'marked Mg 2< effect on 
quenching Figure 3 shows a plot of ob- 
served RQ values for thu Al series of 
probe* as a function of Mg 2 "* concentra- 
tion. With TAMRA attached near the 5' 
end (prohe A 1 -2 or Al-7), the RQ value at 
0 niM Mg 2 " is only Slightly higher than 
RQ at 10 inn Mr* I'oj probes 
A)-22, and Al-26, the RQ values at 0 ttlm 
" are very high, indicating a much 



reduced quenching efficiency. Por each 
of these probes, then: b h marked de- 
crease in HQ at 1 mM Mg* * followed by 
u gradual decline as the Mg* 1 ivuccii- 
trution increases to 10 mM. Piube A1-14 
show* an intermediate RQ value at 0 niM 
M$ 7,< with a gradual decline at Mgner 

Mg Z "* COiKcnliadiiuai. In a low-salt en- 
vironment with no Mg a ** present, a sin- 
gle-stranded oligonucleotide would be 
expected to adopt au extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg*+ ions acts in 
shield the negative charge of the phos- 
phate backbone so that the oligonucJe- 
otide can adopt conformations where 
the :V end is close to the 5' end. There- 
fore, the observed Mg z ' effects support 
the notion that quenching ol a 5' re* 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide . 



DISCUSSION 

The striking finding of this study is that 
it seems the rhodamlne dye TAMKA, 
placed at any position in an oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorescein (6-TAM) placed at 
the 5' end, This implies thai a single- 
stranded, double-labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA Is close to the 5' 
end. H should he noted that the decay of 
o-l'AM In the excited state requires a cer- 
tain amount of time. Therefore, what 



Doulde-jirandcd Fluorogenlc Probe* 



518 nm 



58?. nm 



RQ 





*9 


6s 


90 


a 5 


M 


<IS 


ai-v 


27.75 


6JLS3 


61. OS 


13B.1K 


0.45 


0.50 


Ab26 


43 .3 1 


509.38 


63.50 


93.86 


0.81 


5.43 


A3-6 


1675 


62,88 


39.33 


16S.57 


0.43 


0.38 


A3-24 


30.05 


578.64 


67.7?. 


140.25 


0.45 


3.21 


P2-? 


. 35.02 


70.13 


M.63 


123.U9 


0.64 


0.58 


T2-27 




320,47 




'61.13 


0.61 


5.25 


l'S-10 




144.85 




165.54 


0.14 


U.B7 






462.29 




104.6J 


0.46 


4.43 



(as) Single-stranded, The fluorescence emissions at 518 or 582 nm for solutions containing a finfti 
concentration of 50 nM indicated probe, 10 ihm Tris-nci (pJi 8,3), 50 niM KCI and 10 jiim MgC^. 
(ds) Double-stranded. Th« solutions contained, In addition, 100 iim AlC f» T pmhre Al-7 and 
A)-ZG, 100 nM A3C for probe* A3-6 and A3-24. 100 HM K1C fur probes 1^7 and 1*2-77, or 100 nM 
TSC for probe* PA-10 and ea-ZH. Hcforc ihc addition of MxCl,, J 20 *1 or each iu u ) pic was heated 



tnnttcrw for quenching is uut the average 
distance between 6d>AM and TAMRA 
but r rather, how close TAMKA can get lo 
60'AM during die lifetime of the 6- MM 
excited state. As long «s the decay time nf 
the excited state is relatively long com- 
pared with the molecular motions of the 
oligonucleotide, quenching can occur. 
Thus, we propose that TAMRA at the 3' 
end, or any other position, can quench 
o-FAM at the V end because TAMRA is in 
proximity to ti»FAM often enough lo be 
able to accept energy transfer from an 
excited 6>FAM. 

Details of the fluorescence measure- 
ments remain puzzling. For example, Ta- 
ble 3 shows that hybridisation of probes 
A1-2G, A3-24, and P5-28 to their comple- 
mentary strands nor only causes a large 
increase in 6-FAM fluorescence at 518 
nm but also causes a modest Increase in 
'TAMRA fluorescence at 582 nm. H 
'tamra Is being excited by energy trans- 
fer from quenched 6-MM, then loss of 
quenching attributable to hybridization 
should cause a decrease In the fluores- 
cence emission of TAMRA. The fact that 
the fluorescence emission of TAMRA in- 
creases indicates that the. situation Is 
more complex. For example, we have an- 
ecdotal evidence that the bases of the 
oligonucleotide, especially <i, quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double* 
stranded, base-pairing may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6->AM in an intact probe is the TAMRA 
dye. Rvidence for the Important* of 
TAMRA is thai 6 KAM n uuii:sc;ence 
remains relatively unchanged when 
probe* labeled only with 6-TAM are used 
In the 5' nuclease l'CR assay (data not 
shown). Secondary effectors of f lucres* 
cence, both before and afiei cleavage of 
the probe, need to he. explored further. 

Regardless of the physical mecha- 
nism, the relative independence of posi- 
tion and quenching greatly simplifies 
the design of probes for the S' nuclease 
PCR amy, There are three main factors 
that determine the performance of a 
double- labeled fluorescent probe In tlic 
V nuclease PCIl assay. The first factor Is 
the degree Of quenching observed In the 
intact probe. Tills is characterized hy the 
value of RQ ( which is the ratio of re- 
porter to quencher fluorescent cmis 



ST0® 



S0HH 



Z0S6 091 6*6 XVi Z00Z/S0/ZT 



From : BML 



PHONE No. : 310 472 0905 



Dec. 05 2002 12: 17AM P07 




IMReswKh 



-i-'AM 

IK' Of 

f rhe 
ccur. . 
3' 

• 6 nch 
'"s in 
'o bt> 
n an 

sure- 
•,Ta- 

nbe$ 
lplc 

Mft 

*e in 
It 

•am- 
is, of 
iticm 
:»res- 
. that 
\ in. 
n is 

.* at>. 

the 
inch 

and 
.hie- 

the 

pri- 
g of 

vlllA 
: of 

if I ICO 

•lien 
.iscd 

not 
>rcs- 
v. of 
u:r. 
cha- 
>osi- 
Ifles 
case 
tors 
>f H 

the 
>r!s 

the 

the 

: re- 

7liS- 

In- 
udc 



A1-2 
o A 1-7 
A1-14 

-O-AI-19 
* A1-22 
—a— A1-26 



O 
EE 




mM Mfl 

FIGURE 3 itffKi of Mg K1 £on«tntration on RQ ratio for the Al seriex of probes. The fluorescence 
emission Intensity at 518 and 582 nm was measured for solution* containing 50 om probe, 10 mM 
Trh-HCl (pH 8.3), 50 mM KCI, «md varying amounts (0-10 mM) of MgCl 2 . Joe calculated HQ 
ratio? (51 6 nm intensity divided hy 5RZ nm iiiton.sily) an- plotted vs. MgCI A concentration (mM 
Mk>. The key right) ^liuwn the jnutnuk yAtiiuiiunl. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context eifeeb, presence of structure or. 
uihei facLui-i Uitti reduce flexibility uf 
the oligonucleotide, and purity of the 
probe. The second factor is the efficiency 

? \if hyhi ideation, which depends on 
probe r An , presence of secondary struc- 
ture In probe or template, annealing 

• temperature, and other reaction condi- 
tions. The third factor is the efficiency at 

: which' Tag DNA polymerase cleaves the 

, bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween piobe and template as shown by 
uie observation thai mismatches in (he 
segment between reporter and quencher 
dytiJi drastically reduce the cleavage of 
probe. (,) 

The rise in HQ' values for the Al se- 
ries of probes seems to Indicate that U^c 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the S' end 'the lowest apparent quench* 
ing Is observed for probe Al-19 (see Fig. 
3) rathec than for the probe where the 
TAMRA Is at the 3* end (Ai-zo). This is 
-understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an Internal position. In effect, a 
quencher at the 3" end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 



probes, the interpretation of RQ values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3* TAMRA 
piobe having a larger RQ than the ln> 
ternal TAMRA probe. Por the P2 pah, 

l«>lh probes have about the same* RQ" 

value. Pot the PS probes, the RQ for ihc 
3' probe Is less than for the internally 
labeled probe. Another factor that may 

explain some of the observed variation i* 
that puriry affect* thr RQ" value. Al- 
though all probcx are HPI.C puilfied, a 
small amount of contamination with 
unquenched reporter can have a large ef* 
feet on RQ . 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently um 
have a large effect on Ihc efficiency of 
piobc cleavage, The most drastic- effect is 
observed with probe A 1-2, where place- 
ment of the TAMRA on the second nu- 
cleotide teduuii ihc efficiency of cleav- 
age to almost zero. For the A3, P2, and PS 
probes, ARQ Is much greater for the 3' 
TAMKA probes as compared with the in- 
ternal TAMRA probes. Tills is explained 
most easily by assuming thai piobes 
wJth TAMRA at the 3' end are more likely 
to be cleaved between icpoiiet and 
quencher than arc probes with TAMRA 
attached internally. Por the A1 probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not Increase when the quencher is 
nUrt«i rinw tn thn .v end. This illus- 



trates the importanrn nf being able ro 
use probes with a quenchor on the A' 
end in the 5' nuclease pen at;say. In thltt 
assay, an increase in the intensity of re- 
porter fluorescence is observed only 
when the probe is cleaved between the 
reporter and quencher dyes. By placing 
the lupojlur and quuucltui dyut on tlio 
opposite endft of an oligonucleotide 
probe, any cloavago that occurs will be 
detected. When the quencher is uttuched 
to an Internal nucleotide, sometimes the 
piobe worki well (Al-7) and other times 
not so well (A3-6). 11)o relatively poor 
performance of probe A3-6 presumably 
means the probe It being cleaved 3' to 
the quencher rather than between the 
n>pnn<»r and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PGR prod- 
uct in the V nuclease PGR assay Is to use 
a proho with the reporter and quencher 
dye* on opposite* ends. 

Placing the quencher dye on the 3* 
end may also provide a slight benefit In 
terms of hybridization efficiency, Ihc 
presence of o quencher attached to an 
internal nucleotide might be expected to 
disrupt base-pairing and reduce the T m 
of a probe. In [act, a 2 n (J-.H A C! redxu.lion 
in T m has been observed for two probes 
With inuni'idliy atutehed TAMKAji. n> niiis 
disruptive effect would be minimized by 
placing the quencher al the 3' end, Thus, 
probes with 3' quenchers might exhibit 
idifthtly higher hybridization efficiencies 
(hun probes with intcrruaJ qucncliei^. 

The combination of increased cleav- 
age and hybridization efficiencies means 
that probes with 3* quenchers probably 
will be more loletanl of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCK-amplificd products 
from ham pi t?k uf different species. Also, It 
means that cleavage of probe during PGR 
Is less sensitive lu alteration* in An* 
ncaling temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. 1-ec 
ct al. U) demonstrated that aliele-speclflc 
probes were cleaved between reporter 
and quencher only when hybridtecd to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFS08 mutant, Their probes had TAMRA 
attached to the seventh nucleotide from 
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figure 3 Kffect of Mg a ' concenmuJun on RQ raiio for the Al series of probes. i"ht» uuortrsctniui 
emisiiun intensity at MR and £82 nm was measured for solutions containing SO nvt probe, ] 0 mM 
Tri*-na (pH 8.3), 50 him KO, ami varying amounts CO 10 mM) of MgCl A - The calculated RQ 
ratios (?>l« nm Intensity divided by 582 nm intensity) are plotted vs. MrC1 4 concentration (inm 
Mr). The key (upper right) ihows the ptobes examined. 



dyes used, spacing between reporter and 
quenchd dyes, nucleotide sequence 
context effects, presence, ot structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the. 
probe. The second factor is the efficiency 
of hybridization, which depends on 
probe T m , presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq UNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter and quencher 
dyes drastically reduce the cleavage of 
prohe. <l) 

The rise in RQ values for the Al se- 
ries of probes seems to Indicate that the 
degree of quenching Is reduced some- 
what as the quencher is placed toward 
the 3' end, The lowest apparent quench- 
ing is observed for probe AM 9 (sec Wg. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al*26). This is 
•understandable, as the conformation of 
the S end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher ar the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 
quencher* For the other three sets of 



probes, the interpretation of RQ* values 
is less clear-cut. The A3 probes show the 
same rrend as Al, with the 3* TAMRA 
probe having a laxger RQ" rhun the in- 
lernal TAMRA probe. For ihu P2 pair, 
both piobes have about the same RQ 
value- For the PS probes, the RQ' for the 
3* probe is less than foi the inleinMly 
labeled probe, Another factor that may 
explain some of the observed variation Is 
that purity affects the RQ" value, Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched rcponer can have a large ef- 
fect on RQ . 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage* The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost ^cro. Por the A3, ?2, and Pf> 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached internally, For the Al probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not Increase when the quencher is 
placed closer to the 3' end. This illus- 
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tratos the importance of beinfl able to 
use probes with a quencher on the 3' 
end In the V nuclease I'Clt assay, in this 
assay, an increase In the intensity of rc. 
porter fluorescence Is observed only 
when the probe Is cleaved between the 
reporter and quencher dyes. l*y pluming 
the reporter *nd quencher dye* on the 
opposite ends of an oligonucleotide 
probe., any cleauuge that occur? will bv. 
detected. When the qu«nchar tt attached 
to Jii liUciual nucleotide, bvivicihm^ the 
probe works well ^Al-7) and other times 
not *o well (A3.tfi. The relatively poor 
performance of probe A3 -6 presumably 
means the probe is being cleaved 3' to 
the. quencher rqthcr than between the 
reporter and quencher. Thaw. tore, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct In inc S' nuclease P( ;r assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms oi hybridization efficiency. The 
presence of a quencher attached to an 
internal nucleotide might be expected to 
disrupt base-pairing and reduce the T m 
of a probe. In fact a 2*C-3 9 C reduction 
in T m has been observed for two probes 
with internally attached TAMRAs. <9> This 
disruptive effect would be. minimised by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
ulightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of Increased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This tub 
erancc of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplihed products 
from samples of different species. Also, It 
means that cleavage of probe during PCR 
is less sensitive to alterations In an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Ue 
et al/" demonstrated that allch>speclnc. 
probes were cleaved between reporter 
and quencher only when hybridised to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AF508 mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 
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Um* .V end and u/ero deigned to thai any 
mismatches were between the reporter 
artel quencher. lnereanlnK the distance 
betwotin raporter and <pir.nch*r would 
lessen i\n: disruptive eff eel of mis- 
matches and allow cleavage of the probe 
on tlii? incorrect tarjjot. Thus, probes 
with a quencher attached to ftn internal 
nucleotide may still be ucoful for allelic 
discrimination. 

In this study lose of quenching upon 
hybridbmtlon was used to show that 
quenching by a 3 1 TAMRA 1m dependent 
on the flexibility of a single. stranded Oli- 
gonucleotide, The increase in reporter 
fluorescence intensity, though, could 
Alto be used to determine whether Ity. 
bridlzation has ocuirruxl or not. Thus, 
oligonucleotides with reporter and 
quencher dye* attached ot opposite ends 
should also .be useful as hybridization 
probes. The ability to delect hybrldiz*. 
tlon In real time means that these probes 
could be used to measure hybridization 
Kinetics. Also, this type of probe could he 
used to develop homogeneous hybrid- 
i^ation nwayj tot diagnostic* or other ap- 
plications. Bagwell Ct al, u0) describe just 
this type of homogeneous assay where 

hybridization of A probe cause? tin in- 
crease in fluorescence earned by a loss of 
quenching. However, they utilized o 
complex probe design thai rtqulrw Add- 
ing nucleotides to both end* of the 
probe sequence to form two imperfect 
hairpins. lhe results presented here 
demonstrate' that the simple addition of 
a reporter dye to one end of an ol jgonu* 
clcotlde and a quenchtr dye lo the oihci 
<*nd generates a fluorogonlc probe that 
can detect hybridization or PCK amplifi- 
cation. 
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